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ABSTRACT : 

The present invention relates to means for the detection and characterization of 
nucleic acid sequences, as well as variations in nucleic acid sequences. The 
present invention also relates to methods for forming a nucleic acid cleavage 
structure on a target sequence and 

cleaving the nucleic acid cleavage structure in a site- specif ic manner. The 
structure-specific nuclease activity of a variety of enzymes is used to cleave the 
target-dependent cleavage structure, thereby indicating the presence of specific 
nucleic acid sequences or specific variations thereof. 

27 Claims, 102 Drawing figures 
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Lyamichev; Victor I. 
Brow; Mary Ann D. 
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US -CL- CURRENT: 435/6; 435 / 91 .5 , 435 / 91.53 
CLAIMS : 

We claim : , . _ _ , 

1. A method of detecting the presence of a target nucleic acid molecule by 
detecting non- target cleavage products comprising: 

a) providing: 

i) a cleavage means, * ■ «- 

ii) a source of target nucleic acid, said target nucleic acid having a first 
region, a second region, a third region and a fourth region, wherein said first 
region is located downstream from said second region, said second region is 
contiguous to and downstream from said third region and said third region is 
located adjacent to and downstream from said fourth region; 

iii) a first oligonucleotide complementary to said fourth region of said target 

nucleic acid; . „ -j o t 

iv) second and third oligonucleotides having 3' and 5' portions, wherein said 3 
portion of said second oligonucleotide contains a sequence complementary to said 
third region of said target nucleic acid and wherein said 5' portion of said 
second oligonucleotide and said 3' portion of said third oligonucleotide each 
contain sequence fully complementary to said second region of said target nucleic 
acid, and wherein said 5' portion of said third oligonucleotide contains sequence 
complementary to said first region of said target nucleic acid; _ 

b) mixing said cleavage means, said target nucleic acid, said first 
oligonucleotide, said second oligonucleotide and said third oligonucleotide to 
create a reaction mixture under reaction conditions such that said first 
oligonucleotide is annealed to said fourth region of said target nucleic acid and 
wherein at least said 3' portion of said second oligonucleotide is annealed to 
said target nucleic acid and wherein at least said 5' portion of said third 
oligonucleotide is annealed to said target nucleic acid so as to create a cleavage 
structure and wherein cleavage of said cleavage structure occurs to generate 

non- target cleavage products, each non- target cleavage product having a 
3 ' - hydroxy 1 group ; and 

c) detecting said non-target cleavage products. 

2. The method of claim 1, wherein said target nucleic acid comprises 
single- stranded DNA . 

3 The method of claim 1, wherein said target nucleic acid comprises 

double- stranded DNA and prior to step c) , said reaction mixture is treatea sucn 

that said double- stranded DNA is rendered substantially single- stranded . 
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4. The method of claim 1, wherein said target nucleic acid comprises RNA and 
wherein said first and second oligonucleotides comprise DNA. 

5. The method of claim 1, wherein said cleavage means is a structure- specif ic 
nuclease . 

6. The method of claim 5, wherein said structure-specific nuclease is a 
thermostable structure- specif ic endonuclease . 

7 The method of claim 6, wherein said nuclease is encoded by a DNA sequence 
selected from the group consisting of SEQ ID N0S:l-3, 9, 10, 12, 21, 30, 31, 101, 
106, 110, 114, 129, and 13 2. • 

8 The method of claim 1, wherein said detection of said non-target cleavage 
products comprises electrophoret ic separation of the products of said reaction 
followed by visualization of said separated non-target cleavage products. 

9. The method of claim 1, wherein one or more of said first, second, and said 
third oligonucleotides contain a dideoxynucleotide at the 3' terminus. 

10. The method of claim 9, wherein said detecting said non-target cleavage 
products comprises: . 

a) incubating said non-target cleavage products with a template- independent 
polymerase and at least one labelled nucleoside triphosphate under conditions such 
that at least one labelled nucleotide is added to the 3 1 -hydroxy 1 group of said 
non-target cleavage products to generate labelled non-target cleavage products; 
and 

b) detecting the presence of said labelled non-target cleavage products. ^ 

11 The method of claim 10, wherein said template- independent polymerase is 
selected from the group consisting of terminal deoxynucleotidyl transferase and 
poly A polymerase . m . 

12 The method of claim 11, wherein said second oligonucleotide contains a 5 end 
label, said 5' end label being a different label than the label present upon said 
labelled nucleoside triphosphate. 

13 The methods of claim 12, wherein said 5' end label is selected from the group 
consisting of biotin, fluorescein, tetrachlorof luorescein, hexachlorof luorescem, 
Cy3 amidite, Cy5 amidite and digoxigenin. 

14. The method of claim 9, wherein following said detecting said non- target 
cleavage products comprises: 

a) incubating said non- target cleavage products with a template- independent 
polymerase and at least one nucleoside triphosphate under conditions such that at 
least one nucleotide is added to the 3' -hydroxy 1 group of said non-target cleavage 
products to generate tailed non- target cleavage products; and 

b) detecting the presence of said tailed non- target cleavage products. 

15. The method of claim 14, wherein said second oligonucleotide contains a 5' end 
label. 

16. A method of detecting the presence of a target nucleic acid molecule by 
detecting non- target cleavage products comprising: 

a) providing: 

i) a cleavage means, , 

ii) a source of target nucleic acid, said target nucleic acid having atirst 
region, a second region and a third region, wherein said first region is 
downstream from said second region and wherein said second region is contiguous to 
and downstream from said third region; t , 

iii) first and second oligonucleotides having 3' and 5' portions, wherein said 3 
portion of said first oligonucleotide contains a sequence complementary to said 
third region of said target nucleic acid and wherein said 5' portion of said first 
oligonucleotide and said 3* portion of said second oligonucleotide each contain 
sequence fully complementary to said second region of said target nucleic acid, 
and wherein said 5* portion of said second oligonucleotide contains sequence 
complementary to said first region of said target nucleic acid; 

b) mixing, in any order, said cleavage means, said target nucleic acid, said first 
oligonucleotide and said second oligonucleotide to create a reaction mixture under 
reaction conditions such that at least said 3' portion of said first 
oligonucleotide is annealed to said target nucleic acid and wherein at least said 
5' portion of said second oligonucleotide is annealed to said target nucleic acid 
so as to create a cleavage structure and wherein cleavage of said cleavage 
structure occurs to generate non-target cleavage products, each non-target 
cleavage product having a 3 ' -hydroxy 1 group; and 

c) detecting said non- target cleavage products. 

17. The method of claim 16, wherein said cleavage means is a structure-specific 

nuclease. , , _ ^ _ . ^ . , 

18. The method of claim 16, wherein said second region of said target nucleic acid 
has a length between one to five nucleotides. 

19. The method of claim 16, wherein at least said first oligonucleotide contains a 
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dideoxynucleotide at the 3' terminus. 

20. The method of claim 16, wherein said detecting said non- target cleavage 
products comprises: , 

a) incubating said non-target cleavage products with a template-independent 
polymerase and at least one labelled nucleoside triphosphate under conditions such 
that at least one labelled nucleotide is added to the 3 ' -hydroxy 1 group of said 
non-target cleavage products to generate labelled non-target cleavage products; 

and , 

b) detecting the presence of said labelled non-target cleavage products. 

21. The method of claim 16, wherein following said detecting said non- target 
cleavage products comprises: 

a) incubating said non-target cleavage products with a template- independent 
polymerase and at least one nucleoside triphosphate under conditions such that at 
least one nucleotide is added to the 3 '-hydroxyl group of said non-target cleavage 
products to generate tailed non- target cleavage products; and 

b) detecting the presence of said tailed non-target cleavage products. 

22. A method of detecting the presence of a target nucleic acid molecule by 
detecting non- target cleavage products comprising: 

a) providing: 

i) a cleavage means, t , 

ii) a source of target nucleic acid, said target nucleic acid having a^ first 
region, a second region and a third region, wherein said first region is 
downstream from said second region and wherein said second region is contiguous to 
and downstream from said third region; t 

iii) a first and second oligonucleotide having 3' and 5 ' portion, wherein said 3 
portion of said first oligonucleotide contains a sequence complementary to said 
third region of said target nucleic acid and wherein said 5' portion of said first 
oligonucleotide and said 3' portion of said second oligonucleotied each contain 
sequence fully complementary to said second region of said target nucleic acid, 
and wherein 5* portion of said second oliginucleotide contains sequence 
complementary to said first region of said target nucleic acid:. ^ 

b) mixing, in any order, said cleavage means, said target nucleic acid, said first 
oligonucleotide and said second oligonucleotide to create a reaction mixture under 
reaction conditions such that at least said 3' portion of said first 
oligonucleotide is annealed to said target nucleic acid and wherein at least said 
5' portion of said second oligonucleotide is annealed to said target nucleic acid 
so as to create a cleavage structure and wherein cleavage of said cleavage 
structure occurs to generate non-target cleavage products, each non-target 
cleavage product having a 3 1 -hydroxy 1 group; and 

c) detecting said non-target cleavage products. 

23. The method of claim 22, wherein said cleavage means is a structure- specif ic 

nuclease. , . , 

24. The method of claim 22, where said second region of said target nucleic acid 
has a length between one to five nucleotides. 

25. The method of claim 22, wherein at least said first oligonucleotide contains a 
dideoxynucleotide at the 3' terminus. 

26. The method of claim 22, wherein said detecting said non-target cleavage 
products comprises: , 

a) incubating said non-target cleavage products with a template- independent 
polymerase and at least one labelled nucleoside triphosphate under conditions such 
that at least one labelled nucleotide is added to the 3' -hydroxyl group of said 
non-target cleavage products to generate labelled non-target cleavage products; 

and n , 

b) detecting the presence of said labelled non-target cleavage products. 

27. The method of claim 22, wherein following said detecting said non- target 
cleavage products comprises: t 

a) incubating said non-target cleavage products with a template- independent 
polymerase and at least one nucleoside triphosphate under conditions such that at 
least one nucleotide is added to the 3 ' -hydroxyl group of said non-target cleavage 
products to generate tailed non-target cleavage products; and 

b) detecting the presence of said tailed non-target cleavage products. 
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CLAIMS : 

We claim: . 

I A thermostable structure- specif ic nuclease having an ammo acid sequence 
selected from the group consisting of SEQ ID NOS:102, 107, 130 and 132. 

2. The nuclease of claim 1, wherein said nuclease is encoded by a DNA sequence 
selected from the group consisting of SEQ ID NO:101, 106, 129 and 131. 

3 A recombinant DNA vector comprising DNA having a nucleotide sequence encoding a 
structure-specific nuclease, said nucleotide sequence selected from the group 
consisting of SEQ ID NO:101, 106, 129 and 131. 

4 A host cell transformed with the recombinant vector of claim 3. 

5 The host cell of claim 4, wherein said host cell is an Escherichia coll cell. _ 

6 A purified Pyrococcus woesii FEN-1 endonuclease, wherein said Pyrococcus woesn 
FEN- 1 endonuclease is encoded by the plasmid pTrc99- PWFEN- 1 (ACTT 207094). 

7. The purified endonuclease of claim 6, wherein said endonuclease has a molecular 
weight of about 38.7 kilodaltons. 

8. An isolated oligonucleotide comprising at least a portion of the plasmid 
pTrc9 9-PWFEN-l (ACTT 207094) , said portion encoding Pyrococcus woesii FEN-1 
endonuclease. , , . 

9. The isolated oligonucleotide of claim 8, wherein said oligonucleotide encoding 
said endonuclease is operably linked to a heterologous promoter. 

10. The isolated oligonucleotide of claim 9, wherein said heterologous promoter is 
an inducible promoter. ( t , 

II The isolated oligonucleotide of claim 10, wherein said inducible promoter is 
selected from the group consisting of the . lambda . -P . sub .L promoter, the tac 
promoter, the trp promoter and the trc promoter. 

12 A recombinant DNA vector comprising an isolated oligonucleotide, said 
oligonucleotide comprising at least a portion of the plasmid P Trc9 9- PWFEN- 1 (ACTT 
207094), said portion encoding Pyrococcus woesii FEN-1 endonuclease. 

13 A host cell transformed with the recombinant vector of claim 12. ^ 

14. The host cell of claim 13, wherein said host cell is an Escherichia coll cell. 

15 An isolated oligonucleotide comprising a gene encoding a Pyrococcus woesii 
FEN-1 endonuclease having a molecular weight of about 38.7 kilodaltons, wherein 
said Pyrococcus woesii FEN-1 endonuclease comprises the plasmid pTrc- 99FWFEN- 1 
(ACTT 207094) . . 

16 The isolated oligonucleotide of claim 15, wherein said gene encoding a 
Pyrococcus woseii FEN-1 endonuclease is operably linked to a heterologous 

l^Thrisolated oligonucleotide of claim 16, wherein said heterologous promoter 
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is an inducible promoter. . , 

18 The isolated oligonucleotide of claim 17, wherein said inducible promoter is 
selected from the group consisting of the . lambda . -P . sub . L promoter, the tac 
promoter, the trp promoter and the trc promoter. 

19 A recombinant DNA vector comprising DNA having a nucleotide sequence encoding 
a Pyrococcus woesii FEN-1 endonuclease having a molecular weight of about 38.7 
kilodaltons, and wherein said Pyrococcus woesii FEN-1 endonuclease comprises the 
plasmid pTrc- 99FWFEN- 1 (ACTT 207094) . t 

20 A host cell transformed with the recombinant vector of claim !?• 

21. The host cell of claim 20, wherein said host cell is an Escherichia coll cell. 

22. An isolated oligonucleotide encoding Pyrococcus woesii FEN-1 endonuclease, 
said oligonucleotide comprising a sequence fully complementary to at least 15 
consecutive nucleotides of a sequence selected from the group consisting of SEQ ID 

^'^recombinant DNA vector comprising the isolated oligonucleotide of claim 22. 
24 . A host cell transformed with the recombinant vector of claim 23 . 
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CLAIMS : 



What is claimed is: , 

1. A mammalian endonuclease III purified greater than about 500-fold, which 
endonuclease III demonstrates pyrimidine hydrate DNA-glycosylase activity, thymine 
glycol DNA-glycosylase activity, and AP lyase activity, and reductively cross 
links with a thymine glycol containing oligodeoxynucleotide . 

2. The endonuclease III of claim 1, wherein the endonuclease is purified greater 
than about 5000-fold. t — -. 

3. The endonuclease III of claim 1, wherein the endonuclease in 100 mM NaCl elutes 
from a 1 ml single stranded-DNA-cellulose chromatography column eluted with a 12.5 
ml gradient of 100 to 600 mM NaCl at 0 . 2 ml/min in about fractions 12-18. 

4. The endonuclease III of claim 2 which elutes in about fractions 15-17. 

5. The endonuclease III of claim 1 which has an apparent molecular weight of 29 
kDa as determined by gel filtration. _ 

6. The endonuclease III of claim 1 which has a predominant molecular weight ot 31 
kDa as determined by SDS-PAGE analysis. 

7 The endonuclease III of claim 1 which has a partial amino acid sequence 
selected from the group consisting of SEQ ID NO:25, SEQ ID NO:26, SEQ ID NO:27, 
SEQ ID NO:28, SEQ ID NO : 6 , and SEQ ID NO:20. * 

8. The endonuclease III of claim 1 which has an amino acid sequence selected from 
the group consisting of bovine endonuclease III, human endonuclease III, and rat 
endonuclease III. 

•9. An endonuclease III having an amino acid sequence corresponding to SEQ ID nu : 2. . 
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